Three groups of broiler cockerels, 96 birds each, were kept in cages (8 birds each). Diets containing autoclaved feather meal (F), autoclaved and enzymatically hydrolyzed feather meal (FE), and meat-and-bone meal (MBM-control) were fed ad libitum for six weeks. Crude protein of feather meals or MBM made up 14% of the crude protein in Starter and Grower, and approximately 16% in Finisher diets. In the first two weeks of life broilers fed diets F and FE had worse performance (P≤0.05) than the control group. At six weeks of life, mean body weight was 2032 g and feed conversion ratio 1.8 kg/kg; there were no significant differences between groups. Feeding diets containing FE had no effect on performance, however, the in vitro digestibility of crude protein was better than that of autoclaved feather meal.
INTRODUCTION
The centralization of poultry processing has intensified the problem of disposal of poultry wastes that might pose a serious environmental problem (Patterson et al., 1994) . Feathers constitute approximately 10% of broiler chicken slaughter weight and their inclusion in by-product meal considerably worsens the meal's nutritional value for poultry (Webster et al., 1996) . This is why it has been suggested to process feathers separately from other poultry by-products. Feather meals have been used in broiler chicken nutrition for many years (Bhargava et al., 1974; Haque et al., 1991; Patterson et al., 1994; Kim et al., 2002) .
Autoclaving is the most common process in feather disposal, however, the final products are still of questionable quality from the point of view of nutritional requirements of broiler chickens. To improve the nutritional value of feather meals, many other processes have been used as well, including extrusion (Haque et al., 1991; Patterson et al., 1994) and alkali treatment (Moran et al., 1966) . Data about the use of autoclaving in combination with enzymatic hydrolyzis is limited. Therefore the objective of our work was to investigate the use of enzymatically hydrolyzed and autoclaved feathers in broiler chicken nutrition.
MATERIAL AND METHODS

Processing of feather meals
Two feather meals were used in the experiment: autoclaved (F) and autoclaved and treated by a commercial enzyme complex-Insta Pro (FE).
Feather meal F was obtained as follows: feathers were loaded into an autoclave previously heated to 80-100°C. After 2.5 h more feathers were loaded and the temperature in the autoclave was raised to 130°C, and the pressure to 2.5-2.6 atmospheres; feathers were treated for 15 min under these conditions. Then for 20 min the temperature was decreased to 107°C and the pressure was raised to 6 atmospheres. Under these conditions the feathers were dried for 6 h. During the processing the feathers were subjected to continuous mechanical disintegration, which positively affected the working capacity of the autoclave.
To obtain enzymatically degraded feather meal FE, feather meal F was mixed with water (1:1), and 2.5 g/kg of the enzymatic preparation Insta-Pro were added. The preparation was based on the following enzymes: proteases, lipases, amylases and a dry post-fermentation extract of Bacillus sp. FE was hydrolyzed for 9 h, then dried for 6 h at 50°C, in a Miltenz Millbank Technology ring dryer.
Both feather meals were tested microbiologically for the presence of the following bacterial species: Salmonella, Staphylococcus, pathogenic Streptococcus and Clostridium. The chemical compositions of both feather meals and in vitro digestibility of crude protein were determined according to AOAC (1997) , using a T 339 Amino Acid Analyzer (Mikrotechna Praha) to determine amino acid content.
Animals and diets
The experiment was performed on 288 one-day-old cockerels, Cobb 500, divided randomly into three experimental groups of 96 cockerels each. The birds were kept in cages, by 8, each cage was treated as a replicate. Three isoprotein and isoenergetic diets were prepared (Table 1) , each as Starter-Grower and Finisher-ty- pes. The control diet contained 60 g of meat-and-bone meal, in diets F and FE the respective feather meal substituted crude protein of the meat-and-bone meal from control group. Chickens were fed experimental diets ad libitum in mash form, from day 1 to 14 of life, Starter, from day 15 to 35, Grower, and from day 36 to 42, Finisher diets. Feed intake and body weight were measured in weekly intervals, feed conversion ratio (FCR) and body weight gain (BWG) were calculated in each replication.
One-way analysis of variance was performed using SAS (1996) System ver. 6,12. It was also used for single factor analysis. Differences were considered significant at P ≤ 0.05.
RESULTS AND DISCUSSION
The chemical composition of the diets is given in Table 2 . In the tested feather meals no Salmonella sp., Staphylococcus sp., pathogenic Streptococcus sp. or Clostridium sp., were found.
In the starter period the best BWG was recorded in the control group. However, at the end of the experiment, the differences between groups were negligible (Table 3) . In the first two weeks of life, broiler chickens fed diets containing F and FE meals had inferior feed conversion ratio (P≤0.05) than birds from the control group; this is in agreement with our earlier findings (Rutkowski, 1988) . Throughout the whole experiment those differences were not statistically significant (Table 3) . Feather meals have also been used in laying hen (Koelkebeck et al., 1999) and turkey diets (Liu et al., 1989) with good results. However Bielorai et al. (1983) reported a decrease of BWG in broiler chickens fed diets containing feather meals. This might be caused by low digestibility of lysine in feather meals or its high (15%) inclusion in the diet. The content of limiting amino acids in F and FE meals was similar. The first limiting amino acid was methionine, which was is in agreement with our earlier studies (Rutkowski, 1988) , but was in contrast with the results of Kim and Patterson (2000) and Moritz and Latshaw (2001) . Sulphur amino acids limit also the nutritional value of meat-and-bone meals (Wang and Parsons, 1997) . In feather meal F the cystine level was higher than in the meat-and-bone meal, however, after treatment with Insta-Pro, the content of this amino acid slightly decreased. This is in agreement with the results of Kim and Patterson (2000) . Papadopoulus et al. (1985) and Moritz and Latshaw (2001) concluded that cystine is the most sensitive amino acid during feather processing. The enzymatic hydrolyzis of feather meal had a positive effect on in vitro digestibility of crude protein (Table 2) , which is in agreement with the results of Kim and Patterson (2000) . However, this was not reflected in the production parameters of broiler chickens. Also Bielorai et al. (1983) suggested that the value of the in vitro protein digestibility coefficient was not useful in the estimation of the nutritional value of the feather meal in broiler nutrition.
CONCLUSIONS
Feather meals may be used as components of broiler chicken diets in the Starter period in amounts up to 4% and in the Grower and Finisher periods, up to 3.3%.
Enzymatic hydrolyzis did not affect the nutritional value of the feather meal even if the in vitro protein digestibility coefficient was higher than in the autoclaved feather meal.
